INTRODUCTION
The fallopian tube is the site for gamete transport, fertilization, and early embryo development. This environment presumably represents the optimal conditions for embryonic development before implantation.
Assisted reproductive techniques have contributed significantly to solving many of the problems of human subfertility. However, pregnancy and implantation rates have not been as high as those reported in farm animals, which are often greater than 60% per cycle Royal United Hospital, Combe Park, Bath BAI 3NG, U.K. 2 Department of Biological Sciences, University of Warwick, Warwick, U.K. 3 Assisted Conception Unit, Walsgrave Hospital, Coventry, U.K. 4 To whom correspondence should be addressed.
(1). The in vitro culture of human embryos up to the blastocyst stage is suboptimal under existing laboratory conditions, with only 17-25% of spare embryos cleaving normally to the blastocyst stage (2, 3) . Therefore, human embryos are replaced into the uterus quite early, at the four-to six-cell stage, before degenerative changes begin to occur in vitro.
Attempts to improve culture conditions have focused mainly on the formulation and selection of appropriate media and the supplementation of a variety of additives. Mimicking the tubal milieu with a human tubal coculture system may enhance this further. Studies have reported improved morphology (4), implantation (5), and pregnancy rates (6) following replacement of cocultured embryos.
MATERIALS AND METHODS
Fallopian tubes were obtained from women undergoing a total abdominal hysterectomy for nonmalignant gynecological disease. This study had obtained ethical approval from the hospital's medical ethics committee and informed written consent from the patients participating in the study.
Tubes were removed aseptically and placed in Hank's balanced salt solution (HBSS; GIBCO) in sterile containers and transported to the Department of Biological Sciences on ice. The HBSS contained streptomycin (50 mg/ml) and penicillin (100 U/ml) and was buffered with 10 mM Hepes buffer.
Tubes were washed in fresh HBSS and the ampullary region was cut off and opened. Small (0.5-cm 2) areas of mucosa were dissected off and resuspended in fresh HBSS. Each mucosal strip was gently scraped and the resulting cell suspension was centrifuged at 6000g for 5 min. The cell pellet was resuspended in a Falcon 25-cm 2 culture flask containing prewarrned Chang's medium. Culture medium was prepared weekly and was supplemented with penicillin (50 U/ml), strepto-mycin (50 mg/ml), 1% antimycotic/antifungal solution (GIBCO), glutamine (2 mM), and 10% fetal calf serum.
The flasks were incubated undisturbed for 5 days in an atmosphere of 5% CO2 in air at 37°C, after which time the medium was changed and the flasks were observed daily, until large colonies of cells were formed. Subculture was performed by detaching the cells in 0.05% trypsin-EDTA solution (GIBCO) and transferring to new culture flasks containing RPMI 1640 culture medium (GIBCO). The number of cells in each culture flask was assessed after trypsinization using a Makler counter.
Cells were frozen by suspending approximately 106 cells in 1 ml of freezing mixture containing 50% fetal calf serum, 40% RPMI 1640, and 10% dimethyl sulfoxide (DMSO). The cell suspension was cooled overnight at -70°C before immersion in liquid nitrogen for long-term storage. Cells were rapidly thawed in a water bath at 37°C and were directly suspended into culture flasks containing prewarmed RPMI 1640 medium. Medium was changed after 6 hr to remove traces of the cryoprotectant DMSOo Chromosomal analysis was performed by adding 0.02 mg/ml colchicine (Sigma) for a maximum of 14 hr. At the same time the fetal calf serum concentration was increased to 20%. The arrested cells were selectively harvested and resuspended in a 0.05 M KCI solution for 8 rain at room temperature, followed by centrifugation and fixation in methanol:acetic acid (3:1). Chromosome preparations were obtained by spreading the cell suspension onto a microscope slide and were stained with Giemsa and viewed under light microscopy.
Cultured cells from different passages were stained with antibodies to confirm the epithelial nature of the cells. Monolayers were established on slide flasks (Nunc), fixed in 100% methanol for 5 min, and airdried. Slides were incubated with either monoclonal anticytokeratin antibody followed by anti-mouse IgG TRITC conjugate and viewed under a rhodamine filter or with monoclonal antivimentin followed by antimouse IgM FITC conjugate and viewed under a FITC filter.
RESULTS
Thirty pairs of Fallopian tubes were obtained, 13 of which produced a successful primary culture (43%). When evaluated according to the stage of the menstrual cycle, seven of nine (78%) tissues obtained in the follicular phase and two of six (33 %) in the luteal phase proved successful. Fallopian tubes were obtained from two patients taking the antigonadotropin hormone, Danazol. Cells from both samples failed to grow in vitro and were not passaged. The age of patients ranged from 34 to 47. No difference in successful cultures was noticed in tubes obtained from patients under or over the age of 40 (46 vs 40%).
After the first passage there was no difference in the time taken for the cells to reach confluence in either Chang's or RPMI 1640 medium. As RPMI 1640 is a fraction of the cost of Chang's medium, it was used for culturing ceils after the first passage.
Epithelial cells established round colonies after 5 days in culture (Fig. 1 ). Nuclei were located centrally and cells were polygonal in shape. Active ciliated cells were observed until the first passage. Some cifiated cells did not attach to the base of the flask and instead floated above the base of the flask in sheets of cells. This was best avoided by gentle but thorough dissociation of cells with a pipette prior to their being added to the culture flask. After 10-12 days from the initial seeding, when monolayers covered at least 20% of the base of the flask, the cells were passaged for the first time. Cell monolayers in the first and second passages continued to show the characteristic epithelial cell growth pattern in large swirls and rounded colonies (Fig. 2) . However, from the third passage a greater predominance of fibroblast cells was observed (Fig.  3) , and by the fifth passage, cell senescence occurred in the "epithelioid" cells. Fibroblasts were evident by their spindle shape and long, drawn-out cytoplasmic processes. Confluent monolayers were formed within 5 days in the first three passages; beyond this, the rate of cell growth was markedly reduced, taking 8-10 days to reach confluence. The cells frozen after the Chromosomal studies were performed in fresh cultures at the second and fifth passage and on frozen cells at the fourth passage. Giemsa staining revealed 46 chromosomes for 15 cells analyzed in each sample. Banding was not sufficiently intense to identify minor chromosomal abnormalities but examination of the whole karyotype excluded the possibility of large chromosomal rearrangements. Epithelial cells stained positively with anticytokeratin (Fig. 4) and negatively with antivimentin. In contrast, fibroblasts did not stain with anticytokeratin but exhibited notable antivimentin staining (Fig. 5) . Similar results were obtained with frozen-thawed samples. These results confirmed the epithelial appearance of cells under phase-contrast light microscopy. There was an increasing number of vimentin-positive cells in later passages, correlating with the increased number of fibroblast cells.
DISCUSSION
The small number of published reports on human fallopian tube epithelium in culture reflects the difficulty in the isolation and long-term growth of fallopian tube epithelium cells. Although several studies (5, 6) have highlighted the improved blastocyst formation and subsequent pregnancy rates from replacement of cocultured embryos, the widespread use of a human epithelial coculture system has never materialized due to the reported complexity of establishing a cell line. This study shows that ampullary cells can be cultured to form monolayers which maintain their epithelial morphology when passaged over 4-5 weeks.
The success of primary fallopian tube cell culture is in accordance with other workers (7, 8) . The method described to obtain the primary culture was found to be the most successful of several tried in preliminary studies and in accordance with other methods reported by previous authors (9,10). Bongso et al. (9) reported that the presence of ciliated cells at the time of setting up the primary cultures corresponded to the estrogenic phase of the patient's menstrual cycle. This was similar to the findings of Verhage et al. (l 1), who described an in vivo ciliogenesis cycle where ciliated cells were maximal in the presence of high estrogen levels and reduced in the presence of progesterone. No benefit could be determined from obtaining specimens from a particular phase of the menstrual cycle, nor did the age of the patient have an effect, although the numbers of samples obtained at the different stages of the menstrual cycle were small. The ideal supply of fallopian tubes would be from healthy women having bilateral salpingectomy for fertility control.
Immunocytochemical staining has confirmed the epithelial appearances of cell cultures when observed by phase-contrast microscopy. There are conflicting reports in the literature on the ability successfully to passage human tubal epithelial cells over several passages. Henriksen et al. (12) reported unsuccessful attempts, whereas Ouhibi et al. (7) were successful.
In this study, we were able to subculture tubal epithelial cells up to the fifth passage and successfully freeze and culture cells after the second passage. The chromosomal content of cells remains diploid until the fifth The total number of cells obtained from one successful seeding at the end of the third passage is 12 × 106. One hundred thousand cells plated in cell wells are sufficient to culture at least 10 embryos to the blastocyst stage in vitro. The number of ceils obtained from one successful culture would support the development of in excess of 1000 embryos to the blastocyst stage. The time and cost of establishing and maintaining cell lines will be more than offset by the improved pregnancy rates and the reduction of multiple pregnancies by selective transfer of two embryos. This is the first study reporting the practical implications of establishing a human coculture system. It clearly shows the ease with which a cell culture may be established and the viability of cells after freezing. The argument that a human coculture system has no practical use in human IVF is not valid based on the results of this study and more research should be done to establish the efficacy of such a system in early embryonic development.
